1. ADP, ATP and GDP inhibited the phosphotransferase activity, the release of cyclic nucleotides from RNA, of ribonuclease. No significant inhibition was elicited by pyrimidine 5'-nucleoside diphosphates, CDP and UDP. was purchased from Sigma Chemical Co. GMP, 2'-and 3'-uridylic acid (mixed isomers), 2'-and 3'-cytidylic acid (mixed isomers) and 2'-and 3'-adenylic acid (mixed isomers) were products of Mann Research Laboratories Inc., New York, N.Y., U.S.A. All nucleotides were chromatographically pure and of reagent grade. Sodium pyrophosphate purchased from Fisher Scientific Co., New York, N.Y., U.S.A., was reagent grade. Buffers were 0.1 Msodium acetate (pH4.6-5.0), 0-1 M-potassium phosphate (pH5-8-7.9), 0-05M-sodium borate (pH8.8-10.0) and 0-05 m.glycine (pH10.6); the ionic strength of each was 0-15. 
1. ADP, ATP and GDP inhibited the phosphotransferase activity, the release of cyclic nucleotides from RNA, of ribonuclease. No significant inhibition was elicited by pyrimidine 5'-nucleoside diphosphates, CDP and UDP. 2. Inhibition by ADP, AMP, adenosine, adenine, NAD and NADP was insignificant at the concentrations tested. Small inhibition was observed with high concentrations of AMP and only when soluble RNA was the substrate. 3. Inhibition by ADP was found to be 'uncompetitive'. 4. Results seem to indicate that at least for optimum inhibition the polyphosphate of the purine nucleoside is essential. They further suggest that the inhibitor acts by combining with the enzyme only when the enzyme is bound to the substrate.
Experiments by several investigators have shown that adenosine monophosphates inhibit the cyclic phosphatase activity of ribonuclease (Davis & Allen, 1955; Dickman, Kropf & Aroskar, 1954; Ukita, Waku, Frie & Hoshino, 1961) , but have little or no effect on the phosphotransferase activity (Dickman et al. 1954 ; Barker, Montague, Moss & Parsons, 1957) . Ukita et al. (1961) reported the inhibition by ATP of the hydrolysis of cytidine 2',3'-(cycic)-phosphate by ribonuclease. Preliminary experiments (Gamble & Wright, 1962) indicated an apparent inhibition of the phosphotransferase activity of ribonuclease by ADP. Therefore a study was undertaken to determine the exact nature of the inhibition. The present paper describes experiments which demonstrate the inhibition of the phosphotransferase reaction catalysed by ribonuclease by ADP and other nucleoside 5'-polyphosphates. Moreover, it is shown that the corresponding nucleoside monophosphates, nucleosides and free bases do not inhibit the phosphotransferase activity of ribonuclease. Under the conditions employed only purine nucleoside 5'-polyphosphates exhibit inhibition. to dry in air. This treatment rendered the RNA free of nucleotides; however, a small non-diffusible portion of the materials is not completely precipitated by 10% (w/v) trichloroacetic acid. The RNA so prepared was termed 'purified'RNA. Nucleotide product8. Two different solutions of nucleotides were used in the co-precipitation experiments. The first was a mixture of GMP, 2'-and 3'-uridylic acid, 2'-and 3'-cytidylic acid and AMP (substitution of 2'-and 3'-adenylic acid gave the same results), in equal amounts to give a 1% (w/v) solution. The pH was adjusted to 7-0 with NaOH. The second solution was prepared from nucleotides obtained from the hydrolysis ofRNA by pancreatic ribonuclease: lml. of 2% (w/v) RNA, 2ml. of 0-1M-phosphate buffer, pH7-0, and 25,ug. of ribonuclease were incubated at 300 for 18ihr. The nucleotides were obtained by dialysis at 00 in water and subsequent freeze-drying of the diffusible material. A 1% (w/v) solution, adjusted to pH7-0 with NaOH, was prepared from the resulting preparation.
MATERIALS
A88ay of ribonuclea8e. The procedure was a combination and modification of the methods of Schneider (1945) (1934) . The amounts of nucleotides released were plotted against time at 15sec. intervals. An enzyme concentration of 10-131tg./ml. gave curves which were linear for about 5min. and the activity then decreased. The maximum initial velocities were determined from these curves. RESULTS
LePoutre, Stockx & Vandendriessche (1963) have shown that, in certain precipitation methods for the assay of ribonuclease activity, co-precipitation of nucleotides influenced the quantitative estimations. To investigate this point, experiments were performed in which various amounts of nucleotide products were added to the reaction mixture just before precipitation of the RNA (Table 1 ). There was no significant co-precipitation effect on the assay of ribonuclease activity. Fig. 1 shows the effect of ADP and ATP on ribonuclease activity over a period of 0 to 7min. It is clear that the compounds decrease the activity of ribonuclease over the indicated time.
Results in Tables 2 and 3 and in Fig. 1 show that, under the same conditions and at similar concentrations of the compounds tested, ADP, GDP and ATP were the only compounds which elicited significant inhibition. At relatively high concentrations and only when soluble RNA was the substrate, AMP exhibited small but significant inhibition ( difference between inhibition by ADP and ATP was smaller or no longer apparent. The concentration of various RNA preparations were adjusted to give approximately the same extinction at 260m,u: similar results were obtained ( Tables 2 and 3 that adenosine, adenine, sodium pyrophosphate and IDP exhibited no significant inhibition. By the Lineweaver-Burk reciprocal-plot method, the inhibition by ADP was shown to be 'uncompetitive' (Fig. 2) . KmatpH7 0was 1.32mg./ml. This value is in agreement with the value 1.25mg./ ml. reported by Edelhoch & Coleman (1956) . A plot of percentage inhibition versus pH revealed an apparent optimum pH for inhibition by ADP of about [5] [6] [7] (Fig. 3) .
DISCUSSION
The phosphotransferase activity of ribonuclease was significantly inhibited by the purine nucleoside di-and tri-phosphates, ADP, GDP and ATP, but not by the pyrimidine nucleoside diphosphates, UDP and CDP. Adenine, adenosine and sodium Dodgson, Spencer & Williams (1956) and Ebersole, Gottentag & Wilson (1943) ], which suggests the inhibition is due to a block of the reaction of the enzyme-substrate complex to yield products. That is, the data indicate that for inhibition to take place the ADP apparently must combine with the enzyme bound to the substrate. Thus, binding of the inhibitor to the free enzyme or the substrate separately would not bring about the observed effect. There is an apparent decrease in inhibition by ADP when the substrate concentration is decreased (Table 5 ). However, this decrease is not observed with ATP. Since the extent of inhibition varies when different RNA substrates are used (Table 5) , the significance of this observation is not clear. Ukita et al. (1961) reported that ATP competitively inhibits the cyclic-phosphatase activity of ribonuclea,se. Similarly, in unpublished experiments we have observed a competitive inhibition of the cyclic-phosphatase activity of ribonuclease by ADP. The experiments of this paper do not permit an explanation of the apparent difference in type of inhibition by ADP and ATP of the two reactions catalysed by ribonuclease.
